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MEMORY CELL STRUCTURE WITH 
TRENCH CAPACITOR AND METHOD FOR 

FABRICATION THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to methods for 

fabricating memory cell structures Within semiconductor 
integrated circuit microelectronic fabrications. More 
particularly, the present invention relates to methods for 
fabricating, With enhanced performance, memory cell struc 
tures Within semiconductor integrated circuit microelec 
tronic fabrications. 

2. Description of the Related Art 
Semiconductor integrated circuit microelectronic fabrica 

tions are formed from semiconductor substrates over Which 
are formed patterned conductor layers Which are separated 
by dielectric layers. 

Ubiquitous in the art of semiconductor integrated circuit 
microelectronic fabrication are memory cell structures 
Which are employed When fabricating memory cells Within 
semiconductor integrated circuit microelectronic fabrica 
tions. Memory cell structures Within semiconductor inte 
grated circuit microelectronic fabrications typically com 
prise a ?eld effect transistor (FET) device as a sWitching 
element. Within a memory cell structure, one of the source/ 
drain regions Within the ?eld effect transistor (FET) device 
is electrically connected to a storage capacitor, While the 
other of the source/drain regions Within the ?eld effect 
transistor (FET) device is electrically connected to a bitline 
Within the memory cell structure. Finally, a gate electrode 
Within the ?eld effect transistor (FET) device serves as a 
Wordline Within the memory cell structure. 

While memory cell structures are thus clearly desirable in 
the art of semiconductor integrated circuit microelectronic 
fabrication and often essential in the art of semiconductor 
integrated circuit microelectronic fabrication, memory cell 
structures are nonetheless not entirely Without problems in 
the art of semiconductor integrated circuit microelectronic 
fabrication. In that regard, memory cell structures are often 
dif?cult to fabricate Within semiconductor integrated circuit 
microelectronic fabrications With enhanced performance, in 
particular Within the conteXt of decreased semiconductor 
substrate areal dimensions. 

It is thus desirable in the art of semiconductor integrated 
circuit microelectronic fabrication to fabricate Within semi 
conductor integrated circuit microelectronic fabrications 
memory cell structures With enhanced performance. 

It is toWards the foregoing object that the present inven 
tion is directed. 

Various memory cell structures, and methods for fabrica 
tion thereof, have been disclosed in the art of semiconductor 
integrated circuit microelectronic fabrication. 

Included among the memory cell structures and methods 
for fabrication thereof, but not limited among the memory 
cell structures and methods for fabrication thereof, are 
memory cell structures and methods for fabrication thereof 
disclosed Within Dennard et al., in US. Pat. No. 5,198,995 
(a dynamic random access memory (DRAM) cell structure 
Which employs a trench capacitor structure Which in part 
comprises a semiconductor substrate); and Leung et al., in 
“The Ideal SoC Memory: lT-SRAM,” IEEE 0-7803-6598 
4/00 (2000) (a static random access memory (SRAM) cell 
structure Which employs a planar capacitor structure Which 
in part comprises a semiconductor substrate). 
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2 
Desirable in the art of semiconductor integrated circuit 

microelectronic fabrication are additional memory cell 
structures, and methods for fabrication thereof, Which may 
be fabricated With enhanced performance. 

It is toWards the foregoing object that the present inven 
tion is directed. 

SUMMARY OF THE INVENTION 

A ?rst object of the present invention is to provide a 
memory cell structure, and a method for fabricating the 
memory cell structure, for use Within a semiconductor 
integrated circuit microelectronic fabrication. 
A second object of the present invention is to provide a 

memory cell structure and a method for fabrication thereof 
in accord With the ?rst object of the present invention, 
Wherein the memory cell structure is fabricated With 
enhanced performance. 
A third object of the present invention is to provide a 

memory cell structure and a method for fabrication thereof 
in accord With the ?rst object of the present invention and 
the second object of the present invention, Wherein the 
method is readily commercially implemented. 

In accord With the objects of the present invention, there 
is provided by the present invention a memory cell structure 
and a method for fabricating the memory cell structure. 
To practice the method of the present invention, there is 

?rst provided a semiconductor substrate having formed 
therein a trench Which adjoins an active region of the 
semiconductor substrate. There is then ion implanted the 
semiconductor substrate to form therein a doped Well Which 
includes the active region of the semiconductor substrate 
and the trench. There is then formed into the trench a 
capacitive dielectric layer having formed thereupon a 
capacitor plate layer. Finally, there is also formed Within and 
upon the active region of the semiconductor substrate a ?eld 
effect transistor device, Where a source/drain region 
Within the ?eld effect transistor (FET) device is electrically 
connected With the capacitor plate layer. 
The method of the present invention contemplates a 

memory cell structure fabricated in accord With the method 
of the present invention. 
The present invention provides a memory cell structure, 

and a method for fabrication thereof, for use Within a 
semiconductor integrated circuit microelectronic 
fabrication, Wherein the memory cell structure is formed 
With enhanced performance. 

The present invention realiZes the foregoing objects by 
forming Within a memory cell structure for use Within a 
semiconductor integrated circuit microelectronic fabrication 
a storage capacitor Within a trench adjoining an active region 
of a semiconductor substrate, Wherein both the active region 
and the trench are included Within a doped Well formed 
Within the semiconductor substrate. 

The method of the present invention is readily commer 
cially implemented. 
The present invention employs methods and materials as 

are otherWise generally knoWn in the art of semiconductor 
integrated circuit microelectronic fabrication, but employed 
Within the conteXt of a speci?c process sequencing to 
provide a speci?c memory cell structure in accord With the 
present invention. Since it is thus at least in part a speci?c 
process sequencing and a speci?c memory cell structure 
Which provide at least in part the present invention, rather 
than the existence of methods and materials Which provides 
the present invention, the method of the present invention is 
readily commercially implemented. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the present inven 
tion are understood Within the context of the Description of 
the Preferred Embodiment, as set forth below. The Descrip 
tion of the Preferred Embodiment is understood Within the 
conteXt of the accompanying drawings, Which form a mate 
rial part of this disclosure, Wherein: 

FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6 and FIG. 
7 shoW a series of schematic cross-sectional diagrams illus 
trating the results of progressive stages in forming, in accord 
With a preferred embodiment of the present invention, a 
memory cell structure Within a semiconductor integrated 
circuit microelectronic fabrication. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention provides a memory cell structure, 
and a method for fabrication thereof, for use Within a 
semiconductor integrated circuit microelectronic 
fabrication, Wherein the memory cell structure is formed 
With enhanced performance. 

The present invention realiZes the foregoing objects by 
forming Within a memory cell structure for use Within a 
semiconductor integrated circuit microelectronic fabrication 
a storage capacitor Within a trench adjoining an active region 
of a semiconductor substrate, Wherein both the active region 
and the trench are included Within a doped Well formed 
Within the semiconductor substrate. 

Referring noW to FIG. 1, to FIG. 7, there is shoWn a series 
of schematic cross-sectional diagrams illustrating the results 
of progressive stages of forming, in accord With a preferred 
embodiment of the present invention, a memory cell struc 
ture Within a semiconductor integrated circuit microelec 
tronic fabrication. 
ShoWn in FIG. 1 is a schematic cross-sectional diagram of 

the semiconductor integrated circuit microelectronic fabri 
cation at an early stage in fabrication thereof of the memory 
cell structure in accord With the preferred embodiment of the 
present invention. 
ShoWn in FIG. 1 is a semiconductor substrate 10 having 

formed therein a trench 13 Which adjoins an active region 11 
of the semiconductor substrate 10. Similarly, Within the 
schematic cross-sectional diagram of FIG. 1, the semicon 
ductor substrate 10 has formed thereupon a pair of patterned 
pad oXide layers 12a and 12b in turn having formed there 
upon a pair of patterned silicon nitride layers 14a and 14b 
Which further assist in de?ning the trench 13 Within the 
semiconductor substrate 10. 

Within the preferred embodiment of the present invention, 
and although semiconductor substrates are knoWn in the art 
of semiconductor integrated circuit microelectronic fabrica 
tion With either dopant polarity, several dopant concentra 
tions and various crystallographic orientations, for the pre 
ferred embodiment of the present invention, the 
semiconductor substrate 10 is typically and preferably a 
P-silicon semiconductor substrate of dopant concentration 
from about 1E15 to about 1E16 dopant atoms per cubic 
centimeter. 

Within the preferred embodiment of the present invention 
With respect to the pair of patterned pad oXide layers 12a and 
12b, the pair of patterned pad oXide layers 12a and 12b is 
typically and preferably formed employing a thermal oXi 
dation method to form the pair of patterned pad oXide layers 
12a and 12b of a thermal silicon oXide material formed to a 
thickness of from about 90 to about 150 angstroms upon the 
semiconductor substrate 10. 
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4 
Within the preferred embodiment of the present invention 

With respect to the pair of patterned silicon nitride layers 14a 
and 14b, the pair of patterned silicon nitride layers 14a and 
14b is typically and preferably formed employing a chemi 
cal vapor deposition (CVD) method to form the pair of 
patterned silicon nitride layers 14a and 14b of thickness 
from about 1000 to about 2000 angstroms formed upon the 
pair of patterned pad oXide layers 12a and 12b. 

Finally, Within the preferred embodiment of the present 
invention With respect to the trench 13, the trench 13 is 
typically and preferably formed With a bidirectional (i.e., 
areal) lineWidth of from about 1.2 to about 1.6 microns 
Within the semiconductor substrate 10 and a depth of from 
about 5000 to about 8000 angstroms Within the semicon 
ductor substrate 10. 

Referring noW to FIG. 2, there is shoWn a schematic 
cross-sectional diagram illustrating the results of further 
processing of the semiconductor integrated circuit micro 
electronic fabrication Whose schematic cross-sectional dia 
gram is illustrated in FIG. 1. 
ShoWn in FIG. 2 is a schematic cross-sectional diagram of 

a semiconductor integrated circuit microelectronic fabrica 
tion otherWise equivalent to the semiconductor integrated 
circuit microelectronic fabrication Whose schematic cross 
sectional diagram is illustrated in FIG. 1, but Wherein there 
is ion implanted the sideWalls and bottom of the trench 13, 
While employing the pair of patterned silicon nitride layers 
14a and 14b and the pair of patterned pad oXide layers 12a 
and 12b as a mask, and in conjunction With a dose of ?rst 
implanting ions 16, to form an ion implanted semiconductor 
substrate 10‘. A heavily doped region 17 is thus formed 
Within the ion implanted semiconductor substrate 10‘ at the 
sideWalls and bottom of the trench 13. 

Within the preferred embodiment of the present invention 
When forming the heavily doped region 17, the polarity and 
dose of ?rst implanting ions 16 is selected such that a metal 
oXide semiconductor (MOS) capacitor formed Within the 
trench 13, and employing the ion implanted semiconductor 
substrate 10‘ as a capacitor node, operates in a depletion 
mode. Within the preferred embodiment of the present 
invention When the semiconductor substrate is a 
P-semiconductor substrate, the dose of ?rst implanting ions 
16 may be provided employing a P dopant, such as boron 
di?uoride, at an ion implantation dose of from about 1E12 
to about 6E12 ions per square centimeter and an ion implan 
tation energy of from about 10 to about 25 kev, to provide 
an implanted depth of from about 300 to about 800 ang 
stroms Within both the sideWalls and the bottom of the trench 
13. As is understood by a person skilled in the art, the 
foregoing ion implantation provides for a depletion mode 
threshold voltage adjustment Within a metal oXide semicon 
ductor capacitor form[m]ed employing the ion implanted 
semiconductor substrate 10‘. 

Referring noW to FIG. 3, there is shoWn a schematic 
cross-sectional diagram illustrating the results of further 
processing of the semiconductor integrated circuit micro 
electronic fabrication Whose schematic cross-sectional dia 
gram is illustrated in FIG. 2. 
ShoWn in FIG. 3 is a schematic cross-sectional diagram of 

a semiconductor integrated circuit microelectronic fabrica 
tion otherWise equivalent to the semiconductor integrated 
circuit microelectronic fabrication Whose schematic cross 
sectional diagram is illustrated in FIG. 2, but Wherein, in a 
?rst instance, the pair of patterned silicon nitride layers 14a 
and 14b and the pair of patterned pad oXide layers 12a and 
12b have been stripped from the ion implanted semiconduc 
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tor substrate 10‘ as illustrated Within the schematic cross 
sectional diagram of FIG. 2. 

Within the preferred embodiment of the present invention, 
the pair of patterned silicon nitride layers 14a and 14b may 
be stripped employing an aqueous phosphoric acid etchant at 
an elevated temperature, as is conventional in the art of 
semiconductor integrated circuit microelectronic fabrica 
tion. Similarly, the pair of patterned pad oxide layers 12a 
and 12b may be stripped While employing a hydro?uoric 
acid based etchant as is also conventional in the art of 
semiconductor integrated circuit microelectronic fabrica 
tion. 

Finally, there is also shoWn Within the schematic cross 
sectional diagram of FIG. 3 a dose of second implanting ions 
18 Which is employed for forming a doped Well 15 Within a 
tWice ion implanted semiconductor substrate 10“. 

Within the preferred embodiment of the present invention 
When the semiconductor substrate is a P-semiconductor 
substrate, the dose of second implanting ions 18 is provided 
as N implanting ions at an ion implantation dose of from 
about 3E12 to about SE13 ions per square centimeter and an 
ion implantation energy of from about 400 to about 1000 kev 
When forming the doped Well 15 to a depth of from about 
10000 to about 15000 angstroms Within the tWice ion 
implanted semiconductor substrate 10“. 
As is illustrated Within the schematic cross-sectional 

diagram of FIG. 3, the dose of second implanting ions 18 is 
provided nominally non-selectively With respect to the 
active region 11 of the semiconductor substrate 10 and 
trench 13 to provide the doped Well 15 Which includes both 
the active region 11 of the semiconductor substrate 10 and 
the trench 13 (i.e., the trench 13 does not penetrate the doped 
Well 15). 

Referring noW to FIG. 4, there is shoWn a schematic 
cross-sectional diagram illustrating the results of further 
processing of the semiconductor integrated circuit micro 
electronic fabrication Whose schematic cross-sectional dia 
gram is illustrated in FIG. 3. 
ShoWn in FIG. 4 is a schematic cross-sectional diagram of 

a semiconductor integrated circuit microelectronic fabrica 
tion otherWise equivalent to the semiconductor integrated 
circuit microelectronic fabrication Whose schematic cross 
sectional diagram is illustrated in FIG. 3, but Wherein there 
is formed into the trench 13: (1) a patterned capacitor 
dielectric layer 20 having formed thereupon; (2) a patterned 
capacitor plate layer 22 in turn having formed thereupon; (3) 
a patterned capping dielectric layer 24. Within the preferred 
embodiment of the present invention, each of the foregoing 
three patterned layers may be formed employing methods 
and materials as are conventional in the art of semiconductor 
integrated circuit microelectronic fabrication. 

Typically and preferably, the patterned capacitor dielec 
tric layer 20 is formed at least in part of a silicon oxide 
dielectric material formed to a thickness of from about 40 to 
about 60 angstroms Within the trench 13. Similarly, typically 
and preferably the patterned capacitor plate layer 22 is 
formed at least in part of a doped polysilicon capacitor plate 
material formed to a thickness of from about 1000 to about 
2000 angstroms upon the patterned capacitor dielectric layer 
20. Finally, typically and preferably, the patterned dielectric 
capping layer 24 is typically and preferably formed of a 
silicon oxynitride material formed to a thickness of from 
about 500 to about 1000 angstroms upon the patterned 
capacitor plate layer 22. 
As is understood by a person skilled in the art, each of the 

three foregoing patterned layers may be formed incident to 
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6 
a selectively photomasked patterning of a series of corre 
sponding blanket layers. 

Referring noW to FIG. 5, there is shoWn a schematic 
cross-sectional diagram illustrating the results of further 
processing of the semiconductor integrated circuit micro 
electronic fabrication Whose schematic cross-sectional dia 
gram is illustrated in FIG. 4. 
ShoWn in FIG. 5 is a schematic cross-sectional diagram of 

a semiconductor integrated circuit microelectronic fabrica 
tion otherWise equivalent to the semiconductor integrated 
circuit microelectronic fabrication Whose schematic cross 
sectional diagram is illustrated in FIG. 4, but Wherein, in a 
?rst instance, there is: (1) formed upon the active region of 
the semiconductor substrate a gate dielectric layer 28 having 
aligned thereupon a gate electrode 30a; and (2) formed upon 
the patterned capping dielectric layer 24 a corresponding 
interconnect layer 30b. 

Within the preferred embodiment of the present invention, 
the gate dielectric layer 28 is typically and preferably 
formed of a silicon oxide gate dielectric material, formed to 
a thickness of from about 25 to about 40 angstroms. The gate 
electrode 30a and the interconnect 30b are typically and 
preferably formed of a doped polysilicon or polycide gate 
electrode material formed to a thickness of from about 1000 
to about 2000 angstroms. 
ShoWn also Within the schematic cross-sectional diagram 

of FIG. 5 is a series of lightly doped extension regions 34a, 
34b and 34c, formed into a three times ion implanted 
semiconductor substrate 10‘" While employing at least in 
part the gate electrode 30a and the patterned capping dielec 
tric layer 24 as a mask. In conjunction With a dose of third 
implanting ions Which is not otherWise illustrated. 

Within the preferred embodiment of the present invention, 
the series of lightly doped extension regions 34a, 34b and 
34c is provided at an ion implantation dose of from about 
1E13 to about 1E14 dopant ions per square centimeter and 
of a polarity opposite to that of the doped Well 15. 

Referring noW to FIG. 6, there is shoWn a schematic 
cross-sectional diagram illustrating the results of further 
processing of the semiconductor integrated circuit micro 
electronic fabrication Whose schematic cross-sectional dia 
gram is illustrated in FIG. 5. 
ShoWn in FIG. 6 is a schematic cross-sectional diagram of 

a semiconductor integrated circuit microelectronic fabrica 
tion otherWise equivalent to the semiconductor integrated 
circuit microelectronic fabrication Whose schematic cross 
sectional diagram is illustrated in FIG. 5, but Wherein there 
is formed: (1) adjoining the sideWalls of the patterned 
capacitor dielectric layer 20, the patterned capacitor plate 
layer 22 and the patterned capping dielectric layer 24; as 
Well as (2) the sideWalls of the interconnect 30b, a series of 
conductor spacer layers 26a, 26b, 26c and 26d. 

Within the preferred embodiment of the present invention 
the series of conductor spacer layers 26a, 26b, 26c and 26a' 
is formed of a conductor material Which may be etched to 
form the series of conductor spacer layers 26a, 26b, 26c and 
26d While not appreciably etching the three times ion 
implanted semiconductor substrate 10‘". In order to effect 
such a result, the series of conductor spacer layers may be 
formed of a ?uorine containing plasma etchable conductor 
material, such as but not limited to a tungsten conductor 
material. As is understood by a person skilled in the art, the 
conductor spacer layer 26a, in particular, electrically con 
nects the lightly doped extension region 24b to the patterned 
capacitor plate layer 22. 

Referring noW to FIG. 7, there is shoWn a schematic 
cross-sectional diagram illustrating the results of further 
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processing of the semiconductor integrated circuit micro 
electronic fabrication Whose schematic cross-sectional dia 
gram is illustrated in FIG. 6. 

ShoWn in FIG. 7 is a schematic cross-sectional diagram of 
a semiconductor integrated circuit microelectronic fabrica 
tion otherWise equivalent to the semiconductor integrated 
circuit microelectronic fabrication Whose schematic cross 
sectional diagram is illustrated in FIG. 6, but Wherein, in a 
?rst instance, there is formed: (1) adjoining a pair of 
sideWalls of the gate dielectric layer 28 and the gate elec 
trode 30a; and (2) adjoining the series of conductor spacer 
layers 26a, 26b, 26c and 26d a series of dielectric spacer 
layers 32a, 32b, 32c, 32d, 32c and 32]”. 

Within the preferred embodiment of the present invention, 
the series of dielectric spacer layers 32a, 32b, 32c, 32d, 32c 
and 32f may be formed employing methods and materials as 
are otherWise generally conventional in the art of semicon 
ductor integrated circuit microelectronic fabrication. 

Finally, there is also shoWn Within the schematic cross 
sectional diagram of FIG. 7 a series of source/drain regions 
34a‘, 34b‘ and 34c‘ (incorporating the pair of lightly doped 
extension regions 34a, 34b and 34c) formed into the doped 
Well 15 Within at least the active region of the semiconductor 
substrate While employing at least in part the series of 
dielectric spacer layers 32a, 32b, 32c and 32f as a mask, to 
thus form from the three times ion implanted semiconductor 
substrate 10‘" a four times ion implanted semiconductor 
substrate 10““. The series of source/drain regions 34a‘, 34b‘ 
and 34c‘ is formed While employing a dose of fourth 
implanting ions, also of polarity opposite the doped Well 15, 
but not otherWise illustrated Within the schematic cross 
sectional diagram of FIG. 7. 
Upon forming the semiconductor integrated circuit micro 

electronic fabrication Whose schematic cross-sectional dia 
gram is illustrated in FIG. 7, there is provided in accord With 
a preferred embodiment of the present invention a memory 
cell structure With enhanced performance. 

The memory cell structure is provided With enhanced 
performance insofar as the memory cell structure employs a 
capacitor formed Within a trench adjoining an active region 
of a semiconductor substrate, Where both the active region 
of the semiconductor substrate and the trench are contained 
Within a doped Well Within the semiconductor substrate. 

As is understood by a person skilled in the art, and 
although not speci?cally illustrated Within the foregoing 
series of schematic cross-sectional diagrams, there is typi 
cally and preferably employed a sacri?cial oXide layer 
incident to each of the ion implantation methods employed 
Within the present invention, such as to preserve integrity of 
the semiconductor substrate 10. Similarly, While the pre 
ferred embodiment of the present invention illustrates the 
present invention Within the context of a P-silicon semicon 

10 

20 

25 

30 

35 

40 

45 

50 

8 
ductor substrate, an analogous invention employing an N 
silicon semiconductor substrate is also Within the conteXt of 
the present invention. 
As is further understood by a person skilled in the art, the 

preferred embodiment of the present invention is illustrative 
of the present invention rather than limiting of the present 
invention. Revisions and modi?cations may be made to 
methods, materials, structures and dimensions employed for 
fabricating a memory cell structure in accord With the 
preferred embodiment of the present invention While still 
forming a memory cell structure in accord With the present 
invention, further in accord With the accompanying claims. 
What is claimed is: 
1. A memory cell structure comprising: 
a semiconductor substrate having formed therein a trench 
Which adjoins an active region of the semiconductor 
substrate; 

a doped Well formed Within the semiconductor substrate, 
the doped Well including the active region of the 
semiconductor substrate and the trench such that the 
trench does not penetrate through the doped Well; 

a capacitive dielectric layer formed into the trench; 
a capacitor plate layer formed upon the capacitive dielec 

tric layer; and 
a ?eld effect transistor device formed Within and upon the 

active region of the semiconductor substrate, Where a 
source/drain region Within the ?eld effect transistor 
device is electrically connected to the capacitor plate 
layer. 

2. The memory cell of claim 1 Wherein the trench is 
formed to a depth of from about 5000 to about 8000 
angstroms Within the semiconductor substrate. 

3. The memory cell of claim 1 Wherein the doped Well is 
formed to a depth of from about 10000 to about 15000 
angstroms Within the semiconductor substrate. 

4. The memory cell of claim 1 further comprising a 
threshold adjusting dopant implanted into the sideWalls and 
bottom of the trench. 

5. The memory cell of claim 4 Wherein the threshold 
adjusting dopant provides a depletion mode Within a metal 
oXide semiconductor capacitor formed from the semicon 
ductor substrate, the capacitor dielectric layer and the 
capacitor plate layer. 

6. The memory cell structure of claim 1 Wherein the 
source/drain region Within the ?eld effect transistor device is 
electrically connected to the capacitor plate layer With a 
conductor spacer layer. 

7. The memory cell structure of claim 1 Wherein the ?eld 
effect transistor device is a P channel ?eld effect transistor 
device. 


